with approximately 65 million people affected worldwide, epilepsy is one of the most common, chronic and serious neurological disease 1, 2, 3, 4 . temporal lobe epilepsy (tLE) is the commonest form of human epilepsy, affecting approximately 40% of patients and often resistant to antiepileptic drugs 5, 6, 7 . From the structural and functional points of view, tLE is often associated with specific structural abnormalities that affect limbic structures as well as frontal lobe, which is associated with cognitive processes, including executive functions, working memory (wM), decision making, planning, cognitive flexibility and sustained attention 8, 9 . Epilepsy is frequently associated with some psychiatry comorbities, such as attention deficit hyperactivity disorder (ADhD) and autism spectrum disorder (ASD). the prevalence of ADhD in children with epilepsy is higher than in general population, being estimated in 30-40% 10, 11, 12 . Although there is a well-established relationship between the two disorders, the underlying mechanisms are still unclear and more research needs to be performed. thus, the animal models allow investigate many issues related to epilepsy in the absence of iatrogenic neurobehavioral abnormalities. Based on these, the present study aimed to investigate ADhD-like behaviour in male rats with pilocarpine-induced tLE. 
metHoD
All procedures were approved by Universidade Presbiteriana Mackenzie Ethical Committee (CEUA 093/08/2012). Male wistar rats were maintained under controlled conditions (07:00-19:00 hours, light/dark cycle; 22-24°C).
Se induction
At 25 days of age the experimental animals were submitted to pilocarpine-induced epilepsy 13 . Experimental group (15 animals) received methyl scopolamine (1 mg/kg, s.c.) 30 minutes before pilocarpine administration (350 mg/kg, ip) and control group (11 animals) received saline 0.9%. three hours after the onset of the status epilepticus both groups received diazepam (7.5 mg/kg, sc) ( Figure 1 ). Epilepsy induced experimentally exhibits high and variable mortality rates, and thus, the following groups of animals were designed:
Experimental group: 6 animals; Control group: 11 animals The animals were monitored 24 h/day starting at the SE induction up to end of experiments. The behavioural tests (Bt) started from 60 days postnatal after all animals have been evolved to epilepsy.
behavioural tests (bt)
the animals were transferred to the testing room 60 min before each day session. All apparatus were cleaned with a 5% alcohol solution after each behavioral procedure. At the end of behavioral tests, the rats were anaesthetized with urethane 1,200 mg/kg (ip). the half animals of each group were decapitated, the brains were dissected and frozen to -80C and the other half was submitted to transcardial perfusion.
Open field
The apparatus consisted of a circular arena (100 cm diameter) enclosed by plain white walls and a floor divided into 12 zones, being 8 peripheral and 4 central (insight Ltda, Brazil). Each animal was placed into the central area and observed for 10 min. During this time, the locomotor activity was expressed as the number of peripheral, central or total lines crossed. in addition, the time spent on central zone was measured. The test was repeated 7 and 15 days later.
Elevated plus maze (EPM)
The apparatus had two closed arms with walls 45 cm in height and two open arms 50 cm long (insight Ltda, Brazil) and was elevated 50 cm from the floor. The animals were placed in the central zone of the maze with their nose pointing towards an open arm and explored the maze for 5 minutes. The number of entries and the time spent in both arms were recorded and expressed as percent of entries (EOA) or time (tOA) in open arms: ([Open arm /(Open arm + Closed arm)] * 100). The test was repeated 7 and 15 days later.
Operant conditioning box (OCB)
The OCB aimed to analyse attention, impulsivity and visuospatial working memory in a visual discrimination task. The apparatus (Habitest Coulbourn Instruments) consisted of two responder levers, two cue lights located above the levers and a water dispenser. The apparatus' activities were controlled by Graphic State and the data stored to posterior analysis. The apparatus was enclosed in a sound-attenuating box outfitted with an exhaust fans.
the animals were evaluated using three experimental protocols, each one with fifteen sessions and lasting thirty minutes. Before that, the animals were habituated to the apparatus followed by acquisition sessions. the animals were deprived of water 21 hours before the procedures. For habituation, the animals remained 30 minutes in the apparatus; the reinforcement was not delivered and the cue lights above the levers were off. After that, the animals were subject for two acquisitions sessions, lasting 30 and 15 min, respectively. the cue light located inside the apparatus was on, but the cue lights above the levers were not lit. the reinforcement was delivered every 10s independently of the rat's behavior. During subsequent sessions, the learning was acquired by the method of successive approximations. During the initial sessions, the rats learned to press the left lever in order to receive reinforcement immediately after every correct response. the cue light above the left lever was now lit the entire session and the lights above the right lever were off. it was considered that the animals learned to press the left lever when it was pressed at least eight consecutively times in order to obtain the reinforcement. After that, the animals were trained to press the right lever following the same shaping procedure.
in the first and second protocols the light above the levers stayed lit for 5 or 1s, respectively, shifted randomly and the reinforcement was delivery immediately after the correct lever being pressed. in the third protocol, the light stayed lit for 1 s, but the reinforcement was delivery after 10 s. it was analysed the number lever presses and the percentage of correct responses. Correct responses were considered when the animal pressed the lever while the light points were lit. 
Statistical analyses
The data were expressed as mean ± standard error and analysed by Mixed ANOVA, using Bonferroni for post-hoc testing. p-values of 0.05 or less were considered significant. The analyses were effectuated using commercial program (Prism 5.03 for windows).
reSuLtS

Frequency of seizures
The first spontaneous seizure started between 4-15 days after SE onset with an average frequency of 1.34 + 0.27 per week. Most seizures were recorded during the day light (67.74%).
open field
For peripheral locomotion, it was noted a significant difference between groups (F 2,30 = 5.365, p = 0.035), with no difference between sessions (F 2,30 = 0.167, p = 0.84) nor effect of interaction between factors (F 2,30 = 0.634, p = 0.53). The peripheral locomotion was higher in experimental group as compared to control ( Figure 2A ).
Central locomotion was a significantly different between groups (F 2,30 = 6.43, p = 0.022) and the sessions (F 2,30 = 3.81, p = 0.033), with no effect of interaction between the factors (F 2,30 = 0.20, p = 0.81). The experimental group showed higher locomotor activity in the central zone as compared to control ( Figure 2B ).
The total locomotion was significantly higher in the experimental group as compared to control (F 1,30 = 6.24, p = 0.02), with no effect of interaction between the factors (F 2,30 = 0.64, p = 0.52). Only control group exhibited reduction on locomotor activity over time ( Figure 2C) . the time spent in the central zone was significantly different between groups (F 1,30 = 6.032, p = 0.026), with no effect of sessions (F 2,30 = 2.23, p = 0.12) nor interaction between the factors (F 2,30 = 0.94, p = 0.39). the time in the central zone was higher in the experimental group as compared to control ( Figure 2D ).
in a non-aversive context, animals with ELt exhibited hyperactivity and reduced level of anxiety-related behaviour.
elevated plus maze
Total number of entries was significantly different between groups ( 
operant conditioning box
Both groups learned to press the levers in the first session. in the following sessions, both bars were used to obtain the reinforcement. Cue lights located above the levers indicated which bar should be pressed. The cue lights light up randomly and remained lit for periods of time varying in accordance with the protocol (5 or 1 second). 
Protocol 1
it was analysed the percentage of the correct response and the number of bar presses. The percentage of correct responses was significantly different between session (F 14,210 = 36.75, p < 0.0001), with effect of interaction between factors (F 14,21 = 3.57, p < 0.0001) and no difference between groups (F 1,210 = 0.379, p = 0.54, Figure 4A ). Both groups improved their performance over time.
The number of the lever presses was significantly different between session (F 14,21 = 7.79, p < 0.0001), with no difference between groups (F [1, 210] = 0.49, p = 0.07) and nor interaction between factors (F 14,210 = 1.63, p = 0.07, Figure 4B ). The number of lever presses reduced to almost half concomitantly with the increase of the percentage of correct response which stabilized approximately in the twelfth session around of 60%. The data suggests that the attention to the task was similar between groups.
Protocol 2
In order to increase the degree of difficulty in the subsequent 15 sessions, the cue lights remained lit for 1 second. The percentage of correct responses was significantly different across the sessions (F 14,210 = 3.32, p < 0.0001), with no effect of interaction (F 14,210 = 1.28, p = 0.21) nor difference between groups (F 1,210 = 3.43, p = 0.083, Figure 5A ).
The
between groups (F 1,210 = 0.14, p = 0.71) nor interaction between factors (F 14,210 = 1.53, p = 0.099, Figure 5B ).
Protocol 3
in order to assay the delay aversion and wM, the luminous spots remained lit for 1 second and the reinforcement was released 10 seconds after the correct lever being pressed.
For the percentage of correct response, it was noted a significant effect of interaction between factors (F 14,210 = 3.12, p = 0.0002) and effect of session (F 14,210 = 5.77, p < 0.0001) with no difference between groups (F 1,210 = 4.39, p = 0.053, Figure 6A ). the percentage of correct response, in the initial sessions, was similar between groups, followed by improvement in control group and a moderate reduction in experimental group. in the 5th and the 12th session the percentage of correct response in the experimental group was significantly lower as compared to control group (t = 3.29, p < 0.05 and t = 3.15, p < 0.05, respectively). the number of lever presses was significantly different over time (F 14,210 = 7.44, p < 0.0001) with significant effect of interaction between factors (F 14,210 = 2.62, p < 0.0016), with no difference between groups (F 1,210 = 0.73, Figure 6B ). the number of presses gradually decreased in both groups over time, stabilizing in a higher level in the experimental group. the results of the three protocols were plotted on the same graph to better visualization and comparison the performance of both groups. when the difficulty of the challenge increases, the percentage of correct responses decreased. in the third protocol, note a sudden reduction in the percentage of correct response in both groups as compared to protocol 2, followed by recovery of the control group. For the experimental group, the percentage of correct response stabilized in a lower level as compared to previous protocol, and also when compared to control group within the same protocol ( Figure 7A ). Regarding the number of lever presses, note a drastic reduction in both groups when compared to the previous protocol. For the control group, the number of bar presses remained reduced with a concomitant increase in the percentage of correct response. For the experimental group, the number of lever presses stabilized in a higher level as compared to control, while the percentage of response stabilized in a lower level ( Figure 7B ). Figure 6 . Operant Conditioning Box.The light above the levers stayed lit for 1s, shifted randomly and the reinforcement was delivery 10 s after the correct lever being pressed.Percentage of correct answers (A) and lever presses (B) expressed as mean ± standard error of the CTR (n = 11) and EXP (n = 6) groups. The percentage of correct answers stabilized at a lower level and the lever presses stabilized at a higher level in the experimental group compared to the control group. CTR: control; EXP: experimental. Figure 5 . Operant Conditioning Box. The light above the levers stayed lit for 1 s, shifted randomly and the reinforcement was delivery immediately after the correct lever being pressed. Percentage of correct answers (A) and total lever press (B) expressed as mean ± standard error of CTR (n = 11) and EXP (n = 6) group. No significant differences were found between the groups. CTR: control; EXP: experimental. The results observed in protocols 1 and 2 suggest that animals with epilepsy showed no attention deficit in a visual discrimination task. in the protocol with the highest degree of difficulty, the difference between groups became evident. The performance of experimental animals reduced as compared to control, as result of the lower percentage of correct response and greater number of lever presses.
DISCuSSIoN
we investigated the presence of cognitive and behavioral dysfunctions in experimental tLE suggestive of concomitant presence of ADhD. Animals showed reduced anxiety-related behavior, hyperactive behavior, impulsivity and deficit in visuospatial working memory. hyperactivity was observed over time in a familiar environment with neutral context (open field) and in a threatening environment. it is interesting to mention that the locomotor hyperactivity in children with ADhD as well as animal model of ADhD (e.g spontaneous hypertensive rats) tend to be less pronounced in novel environments than in familiar ones 14 , and for that reason the test was repeated 3 times with 7 days apart. in addition, our results are in agreement with Kubova et al. 15 , which reported increased locomotor activity in rats submitted to kainic acid (KA) model at PN25 (25 day of life).
in a no aversive environment, experimental group exhibited reduced anxiety-related behavior with no changes in an aversive environment, suggesting that the state of anxiety is context dependent. in the lithium-pilocarpine (LiP) model, Detour et al. 16 found increased number of entries and more time spent into the open arms of the aversive environment. Using the same paradigm, we did not observe difference between the groups, but a trend towards to increased activity in the open arms. The small sample size may have contributed to the discrepant results between studies. inostroza et al. 17 compared the cognitive and behavioral performance and anatomic changes between LiP model and KA model animals, which differed significantly in the pattern and extent of tLE-associated brain lesions. LiP-treated rats showed reduced state of anxiety against a slight decrease in the KA-treated rats. LiP-treated animals also exhibited increased motivation to consume sucrose, and both showed reduced motivation for social contact, being particularly affected LIP model.
After all behavioral tests, plasma corticosterone levels were increased only in LiP model, suggesting that altered emotional behaviors were not related to the epileptic condition; instead of probably reflect deregulation, model-dependent of the hPA axis. to the best of our knowledge, no study compared cognition, behavioral performance, anatomic changes and the pattern of seizure frequency between LiP model and pilocarpine model. the OCB´s results suggest that learning, attention, and associative memory in a visual discrimination task were preserved in animals with epilepsy. however, when a delay for reinforcement was used, the performance was reduced, with increased impulsivity and visuospatial working memory impairment, which is prominent in ADhD. interestingly, Pineda et al. 18 observed in the LiP model that half the animals exhibited increased impulsivity and diminished attention in the lateralized reaction time test and the other half exhibited depressive related behavior. the seizure frequency ranging from 1 to 5 per week, but any correlation was investigated between the seizures frequency and behavioral changes. Faure et al. 19 demonstrated in LiP model that animals displayed attention deficit with a tendency toward impulsivity and compulsivity in a five-choice serial reaction time task. the seizures frequency was not reported. in our study, animals did not display attention deficit, rather than, they exhibited increased impulsivity and visuospatial working memory impairment. Some issues may be underlying the differences in the animals' performance among studies.
An important issue to be considered regards the seizure frequency and its impact on the cognitive and behavioral changes. As seen in human condition, seizure activity is highly variable among animals and occurs in clusters with seizures free-intervals 20, 21 . Bajorat et al. 21 using video-EEG in pilocarpine model identified three patterns of seizure distribution during the course of recording: a) > 3/day and evenly distributed seizures, b) > 2/day and again evenly distributed seizures and c) > 3/day and seizures clustered with seizure-free intervals. in our study, the average of seizures was 1.34 per week, being lower than observed by Bajorat et al. 21 . we do not rule that the low accuracy of the video monitoring may have contributed to underestimate the seizure activity. Despite of the well-established concept that epilepsy is a progressive disease and that the hippocampal/neocortical atrophy increases over time 22, 23, 24 , remains the controversy if seizure frequency has substantial impact on brain damage and cognition. Fuerst et al. 24 and Briellmann et al. 25 showed a correlation between the seizures frequency and ipsilateral hippocampal volume loss. On the contrary, Liu et al. 26 did not reported that the brain volume reduction was likely to be related to an initial brain insult and being influenced by age. Pacagnella et al. 27 reported that the memory performance and the degree of hippocampal atrophy did not differ between patients with frequent and infrequent seizures, rather than, a positive correlation was found between age of onset and degree of hippocampal atrophy. in this sense, we argue that the lack of attentional deficits in our experimental animals could be related to the low seizure frequency and or the newly onset of epilepsy.
Another issue regards the degree of challenge of the task. The 5-choice serial reaction time task used by Faure et al. 19 is more complex than the task used in our study. we used two lever presses and a stimulus presentation of 1 s or 5 sec. in the Faure and colleagues' study, five holes were used with a stimulus presentation of 0.5 s or 5 sec. with a stimulus presentation of 0.5 s, which require a high attentional demand, the percentage of correct response was significantly different between groups, but not when the stimulus presentation was set at 5 sec. we argue that our protocol condition was not enough sensitive to detect attentional deficits.
in regarding the visuospatial working memory, experimental 15 and clinical evidences 9, 28, 29, 30, 31 have been shown that it is impaired in tLE. we showed evidences that animals with tLE exhibited hyperactivity, reduced level of anxiety-related behavior, increased mild impulsivity and impaired visuospatial working memory, suggesting that the pilocarpine model of epilepsy is appropriate to investigate the interplay between epilepsy and ADhD.
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